JNTRODUCTION
The equilibrium ground-state of fcc Fe (y-Fe) and fcc Mn (y-Mn) are predicted to be antiferromagnetic (AF). If the volume is expanded beyond a critical value the coupling becomes ferromagnetic (FM) [I-31 . Such a property is an example of a moment-volume-instability which is the cause of modified anharmonicity leading to the Invar and anti-Invar effects observed in many fcc 3d-alloys incorporating Fe and Mn [4, 51 Both y-Fe and y-Mn have limited stability ranges of 1184-1665 K and 1373-141 1 K respectively. However, when alloyed together to form F e , , , ,~, they open up eachother's y-phase and stablize it in the complete temperature range in the concentration interval 30<x<60 at. ?/ o [6] . These alloys have been extensively studied because of their antiferromagnetic (AF) Invar and anti-Invar properties [7, 8] For concentrations of roughly x<10 at. % Fe-Mn alloys undergo an fcc-bcc (y-a) martensitic transformation. For about 10<x<30 at. % the martensitic transformation takes the form of fcc-hcp (y-E) [9] . These alloys are of particular technical importance because, by the addition of a third element such as Si the y-E transformation can be exploited for the shape memory effect [I 0-121. When it comes to dealing with martensitic transformations in Fe alloys, Fe becomes the central issue with the crucial question "why is /he h~g h /empera(l(re y-j~hn.5-e cienser packed than the ioul lemperattrre aphase? " In a recent work we argued that the anomalous volume increase at the A, point (1 184 K) must be related to an interplay between mametic and lattice vibrational properties in the y-phase [13] . y-Fe is an antiInvar, i.e., the ground state is AF but the magnetic correlations in the stability range are FM [41. The argument suggests that with decreasing temperature the strength of FM correlations in the y-phasein&ease due to decrease of lattice vibrational amplitude, while at the same time the volume decreases. This leads to an increase of internal pressu~s until the volume can no longer support the fcc structure, aid a transformation to the more open bcc structure is triggered. Enersy analysis shows that the stabilization of the a-phase of Fe is established by the presence of ferromagnetism. This does not necessarily have to be in the form of long range FM order since the A, point lies above T,=1041 K in the paramagnetic (PM) range. Therefore, the existence of FM correlations are sufficient for the stabilization. Without ferromagnetism in the a-phase y-Fe would have been stable down to about 500 K below which hcp Fe (E-Fe) would have been stable [14] . Pure E-Fe can only be stabilized under a pressure of about 13 GPa at room temperature.
The stabilization ofthe a-phase and therefore the cause of the y-a martensitic transformation in Fe alloys such as Fe-Ni, Fe-Pt and Fe-Pd is expected to be of similar origin. Another class of Fe alloys such as Fe-Mn, Fe-Ir and Fe-Ru, which in addition to the y-a transformation on the Fe-rich side, also undergo a y-E transformation in an Fe concentration region of -75-90 at. ?6 [9] In these alloys Fe can be stabilized in an hcp environment without the necessity of external pressure. Just exactly what causes this transformation in a certain class of Fe alloys and in others not is a subject of current research [I51 In the present paper we examine the y-a and y-E martensitic transformations in Fe-Mn alloys by thermal expansion measurements and construct the phase diagram. We examine the features of this phase diagram together with the magnetic properties and discuss the mechanisms that are responsible for the y-a and y-E martensitic transformations.
EXPERIMENT
Fe, , * alloys with ~8 , 10, 12, 15 and 25 at. % were prepared by arc melting under Ar atmosphere. Prior to measurements the samples were maschined to 7 mm long and 6 mm diameter cylinders. They were then annealed in their austenite phase for two hours and furnace cooled to room temperature. The samples were checked at room temperature by X-ray measurements for the a. y and E phases. The results are summarized in Tab. 1. The thermal expansion AV1 was measured in two separate dilatometers covering the temperature ranges 4<T<300 K and 300<T<1200 K respectively. The samples were first measured from room temperature to 4 K and back, and then from room temperature up to about 1200 K and down. Data were taken at equilibrium in 3 K and 5 K intervals in the low temperature and high temperature apparatus respectively. Fig. 1 shows A1/1 vs T of all five alloys. The alloys with x=8, 10 and 12 at. % show a broad hysteresis with the cooling curve lying lower than the heating curve. The increase of volume at the martensite start temperature M, with decreasing temperature shows that the product phase of these alloys is a-dominated (subscripts "s" and "f' refer to start and finish). This is also confirmed by X-ray measurements which show only a-phase for x=8 and 10 at. O/ O and traces of E for x=12 at O/ O. There are also some fine structures observable just below theaustenite finish (A,) temperatures. As A, is approached 2 with increasing temperature AV1 first tends to level off showing a slowing down of the formation of austenite. It then decreases again abruptly as the formation is reaccellerated, and eventually merges with the cooling curve. The hysteresis in the curves for x=15 and 25 at. % is reversed. i. e., the cooling curve lies above the heating curve. There is a volume decrease at M, showing that the product phase is €-dominated. X-ray measurements confirm that this phase is composed of mainly E, with only traces of a. The x=30 at. % sample shows no transformation down to the lowest temperatures. X-ray measurements for this sample also show only a y -phase. Another feature seen in Fig. 1 is that the hysteresis of the curves do not close. This is due to the different amount of martensite at the begining of the experiment, where the samples during preparation are fiimacecooled at a rate of -5 Wmin, and at the end, where the sample is measured on cooling from 1200 K downwards at a relatively slower effective rate of -0.4 Wmin. ~1 5 , 25 and 30 at. %. The structural transformation temperatures are likewise shown in the figures. The x=15 at. % sample shows regular behavior other than a slight dip near M,. The exact nature of this feature is not known, however it can be due to either a continuation of the transition or a small magnetovolume effect associated with AF-ordering of the coexisting y-phase. Both the pure y-phase sample, x=30 at. %, and the y-phase of x=25 at. % order antiferromagneticaly around TJy) and exhibit magnetovolume effects, shown by the hatched areas, typical of fcc Fe-Mn alloys [8] . However, for x=25 at.
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Thermal expansion
?6 we observe an additional magnetovolume effect around a temperature which almost coincides with the Neel temperature, T,(~)=230 K, of the €-phase [16] . This feature which is shown in the inset is expected to be due to magnetic ordering in the E phase. boundaries are shown instead with some uncertainty.
The phase diagram
DISCUSSION
The properties of martensitic transformations of Fe alloys are closely related to their magnetic properties.
In order to understand this relationship in Fe-Mn we plot in Fig. 5 the M, temperatures together with the magnetic transformation temperatures. The a-phase is FM with the Curie temperatures denoted by TC(a), whereas the magetic coupling in both the E and y-phases is AF with Neel temperatures denoted by TJE) and T,(y) respectively . TAy) denotes the freezing temperatures below which the system enters into a frustrated spin-glass-like state [18] . In the €-phase of pure Fe there is no long range magnetic order, i.e., T,(E-Fe)=O [ZO]. Total energy calculations for E-Fe have shown that at slightly expanded volumes AF ordering sets in [21] . Therefore, the addition of Mn should cause an increase in the atomic volume which leads to a gradual increase of T~E ) up to about 2 10 K for 10 at. % Mn, as shown by the dashed line. At larger Mn concentrations T<(E) remains relatively constant at a value around 230 K.
The relevance of FM correlations in the y-phase of Fe on triggering the y-a transformation was briefly referred to in section 1. This imposes the necessity to determine the nature of magnetic coupling of the correlations in the y-phase of Fe-Mn alloys in order to understand their martensitic transformation properties. At present there are no magnetic neutron diffuse scattering experiments in the PM-state of Fe-Mn alloys in the concentration range of interest. Despite the lack of direct evidence, it is safe to assume that for temperatures just above T,(y) the correlations are AF, as shown in Fig. 5 . On the other hand the Fe-rich alloys with x< 10 at. 96 are anti-Invar which requires that the correlations in the y-phase be FM [13] . In the region lO<x< 15 at. % a transition region from FP4 to AF correlated PM-state occurs. With the loss of FM correlations the a-phase can no longer be triggered and the &-phase begins to gain stability. This is very similar to the situation in pure Fe, where energy considerations show that the &-phase is more stable relative to a nonmagnetic a-phase at all temperatures, arid more stable relative to the y-phase below about 500 K. We note here that the y-E transformation temperatures within the transition region is also around 500 K [13] . This is not only the case for the presently investigated Fe-Mn alloys, but also for other binary alloys of Fe such as Fe-Ru or Fe-Ir, which also undergo a y-E transformation [9] . In binary alloys of Fe with Ni, Pd or Pt an €-phase does not stabilize since FM correlations in the y-phase remain strong enough to drive the structure into an a-phase up to around 70 at. % Fe. A hrther interesting example which serves as a support for the present arguments is the Fe-Co alloy system. Unlike Ni, Pd or Pt, which are fcc, Co is hexagonal in the ground state, and therefore one would expect that the €-phase of Fe would readily stabilize in the Fe-Co alloys. However, due to strong FM correlations in the y-phase, the alloys remain in the a-phase in the ground state up to nearly 95 at. % Fe.
As a hrther result following the above arguments an €-a or an &+a-a transformation with a change in temperature at a fixed concentration is not possible in Fe-Mn alloys. For this reason the boundaries separating the a+€-phase from the a and a+y-phases are drawn vertically. In earlier literature where the influence of magnetic properties of the alloys on the transformations were not considered an a-E transformation with changing temperature was considered to be possible [9] .
As a concluding remark we note that the stability of the a, y, or €-phases of Fe-rich binary Fe-alloys is esentially a problem of the stability of Fe in any one of these environments.
